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CATALOGUE OF LATE-TYPE STARS WITH OH, H20 OR SiO MASER EMISSION

D. ENGELS
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A catalogue of more than 300 objects showing maser line radio emission from OH, H,O and/or SiO molecules has been compiled. About
two thirds of the objects have been identified with optical or infrared optics, mostly M-supergiants, Mira or semiregular variables.
The catalogue contains optical data such as spectral type, period and magnitude, radio flux densities and velocities and infrared flux
densities in the region between 0.7 and 20 pm.

Key words: OH/IR, H,O/IR and SiO/IR stars — long-period-variables — infrared stars

1. INTRODUCTION

Since the discovery of OH maser emission from extremely red stellar objects by Wilson and Barrett (1968),
about 300 stellar objects with OH, H,O or SiO line emission have been found. The OH emission occurs
typically at two velocities, with separations ranging from 5 to 60 kms~!. The H,O and SiO emission does not
show such a regular pattern, but considerable symmetry.

The 129 OH/IR objects which are identified mostly as M-type Mira variables, semiregular variables or
M-supergiants, are divided into two classes: Type I OH/IR sources, if the mainline emission at 1665 and
1667 MHz is strongest, and Type II OH/IR sources, if the emission at 1612 MHz is strongest. They are
usually bright infrared sources, especially the Type II sources which show an infrared excess longward of 3 pm.
Total radio and infrared flux densities vary in time almost simultaneously with the optical variation
(Harvey et al., 1974).

About 190 objects not previously identified in the optical or infrared seem to have similar physical
properties to the OH/IR sources. They are classified, with a few exceptions, as Type II OH/IR sources only
because of their typical double peaked velocity pattern (Winnberg et al., 1973). Later 42 of these objects were
identified in the infrared (Schultz et al., 1976; Evans and Beckwith, 1977; Glass, 1978). Infrared spectra typical
of late type stars observed by Allen et al. (1977) confirm the classification as Type II OH/IR sources.
OH emission is often accompanied by H2O emission at 22 GHz. In some cases, late type stars or infrared
sources show H2O emission, although no OH emission has been detected.

Finally 56 late-type infrared stars show SiO maser emission at 43 GHz due to the v=1, J=1-0 transition
(Snyder and Buhl, 1975) and at 86 GHz due to the v=1, J=2-1 transition (Kaifu, Snyder and Buhl, 1975).
Of these, 43 (77%) are also OH or H2O emitters.

The data for this group of OH, H20 or SiO emitting stellar objects are scattered throughout the
literature, prompting the compilation of the present catalogue which contains as much information as possible
about the individual objects.

The literature search was made up to September 1, 1978; in addition four unpublished papers are included
in Table VIIL

2. THE CATALOGUE

The catalogued objects are divided into six groups (Table I-VI).
I.  “M-supergiant stars”: 7 OH and H,O emitters classified as M-supergiants on the basis of their optical
spectra.
II. “Type I OH/IR stars”: 44 OH emitters which are strongest at 1665/1667 MHz and have optical or infrared
identification.
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III. “Type I OH/IR stars”: 78 OH emitters which are strongest at 1612 MHz and have optical or infrared
identification.

IV. “H,O/IR stars without detected OH emission”: 21 objects emitting at 22 GHz and undetected at 1612,
1665 or 1667 MHz.

V. “SiO/IR stars”: 56 objects emitting at 43 and/or 86 GHz.

VI. “Objects undetected in the optical or infrared”: 145 objects classified as OH/IR stars because of their
double peaked velocity pattern.

Tables I-V are divided into three parts, comprising the optical, radio and infrared properties. In Table VI
only the radio data is given.

The first part, “optical properties”, contains a running number at the beginning and end of each line,
the names of the star, including the IRC-number from the Two-Micron Sky Survey (Neugebauer and Leighton,
1969) or the CRL-number from the AFCRL Infrared Sky Survey (Walker and Price, 1975), the coordinates at
epoch 1950.0, the distance in parsecs, the type of star, the stellar photographic magnitude at maximum and
minimum brightness, the spectral classification, the period in days and remarks. Data for the last five columns,
except “remarks” which also includes comments on radio and infrared properties, are taken generally from
the Catalogue of Variable Stars (Kukarkin et al., 1969), otherwise from the cited literature at the end of the
catalogue. The letters M, S or SR in the column “Type” denote M or S-type Mira variable or semiregular
variable. The symbol “(” in the column “magnitude” signifies that the variable at minimum can be fainter than
the magnitude given after this symbol.

The second part, “radio properties”, contains the names of the star, the peak flux densities in fu.
(1072 Wm~2 Hz!) and LSR-velocities in kms™! for both features at 1612 and 1665/67 MHz and for the
principal H2O feature. If the radio spectrum is more complicated, data from additional features are listed in a
second line. If it was possible to choose between different measurements, the one with the strongest peak flux
was taken. It should be noted that radio and infrared flux densities show remarkable variations. “——-" or
“det” denotes no detection or missing numerical data. “+” below the column “SiO” means that the object is
also listed in Table V (SiO/IR stars), “—” means that no SiO emission was found. In Table V the peak flux
densities and LSR-velocities are those of the emission at 43 and 86 GHz.

The last part, “infrared properties”, contains the name, I and K colours form the Two-Micron Sky Survey,
negative logarithmic flux densities in W cm ™2 pm ™! for twelve colours and a code number designating the
calibration system. The I (104) colour was measured with a narrow-band photometric system described by
Lockwood and Wing (1971). This clear region at 1.04 pm was recommended by Wing (1967) for the purpose of
measuring the continuum radiation. The remaining eleven colours measured with broad-band photometry have
the following central wavelengths, depending on the photometric system used: R=0.7 pm, I =0.9 pm, J =1.25-
1.3 pm, H=1.65 pm, K=22-2.3 pm, L=3.4-3.6 pm, M =4.8-5.0 um, 84=84-8.7 pm, N=10.0-10.2 pm,
11.0=10.7-11.2 um, Q =19.5-20.0 um. The flux densities were computed from the colours using the calibration
system referenced in the column CAL and enumerated as follows: 1) Johnson (1966) and Dyck et al. (1974),
2) Hyland et al. (1972), 3) Wilson et al. (1972), 4) Gillett et al. (1971), 5) Schultz et al. (1976), 6) Beckwith et al.
(1976) and 7) Strecker and Ney (1974). If more than one measurement in the infrared was available, the one
with the greatest number of measured colours was taken.

The catalogue ends with a reference list (Table VII) containing all objects followed by code numbers and a
list containing the literature belonging to each code number (Table VIII). The literature cited for each object
contains all data used.
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Catalogue of late-type stars with OH, H20 or SiO maser em
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